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Abstract: The results of the regular synthesis algorithms
development for adaptive process control systems based on the
associative memory technology are presented in the article. The
single-step and multi-step, deterministic and stochastic algorithms
used for solving control and tracking problems are considered.
The relative simplicity of these algorithms makes possible to
recommend them for managing complex objects in conditions of
uncertainty using concepts and associative memory technology.
Based on the technology of associative memory, synthesis
algorithms for adaptive production process control systems are
proposed to function under unpredictable uncertainties and
ensure the rate of the structure adapting process of the main
system circuit, commensurate with the rate of transients in the
technological control object operating under stochastic
independent disturbances.

Keywords: intelligent control system, associative memory,
control object, adaptive control system.

. INTRODUCTION

The new technology development imposesincreasingly

stringent requirements on the operation quality of the control
systems, which improvement by means of the innovative
actuators gives a certain positive effect. However, a
significant part of the problems - such as performance
improvement, invariance to externa influences, changes in
the characteristics of the control object, etc., are not
effectively solved by thisapproach. Therefore, an urgent need
has arisen for improving management systems using
non-traditional management technologies|[1,3].
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It is proposed to use control systems with associative
memory to solve this problem. Associative memory
technology, which has become very widespread in computer
technology, is one of the alternative approaches to creating
high-speed intelligent control systems. On the one hand this
technology is based on the mechanisms of associative
recording and information recovery, allowing access to data
at high speed. Thisaspect of application hastraditionally been
studied in thefield of computer technology [1-4]. On the other
hand, the technology of associative memory alowsto classify
the state of the system at a qualitative level and to form
controlsthat correspond to the current state of the system and
agiven criterion of control quality on the basis of associative
connections. This aspect of the associative memory useis not
practically studied. The main advantage of associative
memory is the simplicity of the software and hardware
implementations, which provides high performance,
determined by the time of a separate memory cell access.

From the analysis of the complex dynamic system motion
equation, it can be concluded that under unpredictable
uncertainties, the behavior of the state vector is not known in
advance, dynamic models for the synthesis of control laws
turn out to be too complicated to implement. One of the ways
to organize adaptive control in real time is the use of control
systems with associative memory [5]. Traditionally, adaptive
systems include self-tuning systems [6-9], which are divided
into search and non-search. If the time required to determine
the conditions of the extremum is not critical, for example, to
control slow processes, then search methods are used [10].
Thefastest are the non-search self-tuning systems[11], based
on compensation approaches, the analytical determination of
the extremum of the quality functional, which alows one to
obtain the rate of the adaptation process commensurate with
the rate of transient processes in the system. In type Il
intelligent control systems with associative memory, adaptive
control is implemented on the basis of the possible dynamic
states of the system and control laws’ study that provide a set
control goal.

[I. PROPOSED METHODOLOGY

Synthesis of the control systems significantly complicates
taking into account the control object inertia in dynamic
objects and the main changes concern the structure of the
main system circuit. Based on the main contour structure and
the type of control goal, it is advisable to distinguish two
classes of tasks. The first class is the control problem in
transient, dynamic modes (the tracking problem), in which the
control goal is associated with the exact processing of a
changing setting action.
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In such problems, the control goal ismost conveniently set
using the reference model - an auxiliary system that defines
the desired transients in a closed system. The second class is
control tasks in steady-state modes (control task), when the
driving influenceis constant and the main task of the systemis
to suppress the action of disturbances. In such systems, it is
natural to set control goals that provide optimal suppression
of disturbances, and use optima controllers in the main
circuit.

Since the both approaches are widely covered in the
literature[8, 12], let’s limit with one rather typical example of
the adaptive control systems of each class and consider the
possibilities of associative memory technology use in them.

It should be noted that the quality management task is
reduced to training on the most compl ete set of possible states
of the control object. According to theinput vector containing
data on the object state and the input impact, associative
memory forms a control effect on the object.

A. Task statement

Atfirst, consider control object description that isthe same
for both tasks. It is convenient to describe the linear discrete
dynamic control object by the input-output equations,
including directly observable outputs and having the form:

A(q71»k+l = B(qfl)-‘k +C(q71}ﬂr ,

where A(), B(), C(-) - polynomials, q* - is the one-step

delay operator (q’lxk = Xk—l):

AA)=1+aAd+..+a,A",
B(A)=1+bA+..+b,A",
C(A)=1+cA+..+c,2".

The coefficients of the polynomias A, B, C are considered
unknown: & = Col(al,...,an,bl,...,bn,cl,...,cn) , with b, =0,

(i.e., the value of the delay p is unknown).

B. Discussion

In transient modes, disturbance is more caused by the
inaccuracy of the control object model than by random
external influences. Therefore, we assume that the
perturbations are deterministic, and for the synthesis of the
adaptation algorithm, we use the recurrent target inequality
method. For a system with areference model and the purpose
of the tracking type control, the direct and identification
approaches lead to equivalent structures. Let it be the driving
force. We introduce the residual function:

O = G(q_l)ykﬂ - D(q_l)rk , 1)
where G(-), D(-) are given polynomials. If 6, =0, then the

movement of the control object is subjected to the equation of
the reference model:

Gla s =Dla ) - @
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C. Law of regulation
We choose the linear law of regulation in the main circuit:

Uy =6 Z., €)

where
zZ :col(yk,...,yk_ml,uk_p,...,uk_m, D(q‘l)rk),
6, =col(g,... glrmp+2)).

In this case, 6, €= will exist such that, at 6 =0, the
equations of the closed-loop system (1), (3) coincide with the
reference model up to an interference of Clq jp, .

D. Adaptation algorithm
We take the adaptation algorithm in the form:
1)
O —y—5 1z, al|5|>A,
P
Ok at|s|<A.

for the objective function Q. =|5,| and with 6 types (2).

E. Optimal control
We now consider an adaptive optimal control system for
the case of stochastic independent disturbances ¢, with

properties Mgo'f < oo . Asthe control goal, we choose

k—

1
lim EZ:|yi|2 <l,, (4)
i1

where

k

I | 2

I, =inf lim = .
UDkewk;|yl|

Up there ae many admissible control laws

(non-proactive strategies) for which the upper limit on the
left-hand side of (4) is finite. The desired adaptive strategy
should be acceptable and, in addition, should not depend on
the vector of the control object
parameters: £ = col (al,...,bl,...,q_._).

It is well known [9,13], if a control object (1) is
minimal-phase, then there exists an optimal control law that is
linear and described by the equation:

ala b = Bl .

where the coefficients of polynomials a(1), A(1) aresought
from the polynomial equation [8,14].
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Taking the identification approach to the adaptive control
systems construction, we will set the control law at the k-th
step by theratio:

By (q_l)Fk (q_l)uk =q "Gy (q_l)yk +6, ©)

where polynomials Fk(/l), Gk(l) are searched from the
equations:

AJR(2)-2"C(2)=G(2),

Ak(/l), By (/1) Cy (/1) - are the current polynomial estimates
in the description of the control object (5), and {ek} - isthe

“test” disturbing process, independent of process {(pk} and
having the properties:

Mg, =0, lim M|q(|4 =0.
K—00

To complete the synthesis of adaptive control systems, itis
left to specify an adaptation algorithm: constructing a vector

O of current estimate coefficients of polynomials
A1), B((4),C(2) . The desired algorithm must have an

identifying property: ensure convergence 6, “_;”g .

To develop the adaptation algorithm, we introduce the
notation: W,_; = col (— Yicrer= Yk Uk eees U s @keees P p ) )
and we bring the control object equation (5) to the “update”
form:

Y1 = \M;rg + [C(qil)_ 1J [¢k+1 - @‘Fl] + P

convenient for the predictive model of the control object.
Next, we construct random variables ¢, , interpreted as
estimates of perturbations ¢, . Asan adaptation algorithm, we

choose a variant of the projection algorithm of stochastic
approximation:

O1 =Prz {‘9k + 7k (Yk+1 —W G )}
7;11 =7/|:1+HV\4<2 +1 7 :]'H’
Pk = Y —We_g T [Hk—l +y k—1V‘4<—1(Yk - WI—lgk—l)]-

F. Implementing associative memory

Consider the possibility of implementing associative
memory in such systems and the mechanism of associative
sampling of the desired control vector.

The set of U ={u1,u2,...,um} admissible controls for a
complex object embedded in associative memory isfinite. We
assume that the control object is described by equation

Yk = f(uk,rk:§)+¢’k1
Retrieval Number: A4745119119/2019©BEIESP
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where u, e R™ isthe control action, r, e R®- isthe measured
disturbance, ¢, € R - is the measured output of the control
object (the values of variables at time t, are index k)

teEc RY - is a finitedimensional vector of unknown

parameters, = - isaknown convex set .

Let the output of the control object be ascalar quantity that
has the meaning of a control quality indicator, and when
choosing at the k-th step u,=v; , the output value
Yk =0j + ¢ is measured, where ¢ is the value of the
“losses” when choosing control Vi, % is an unknown

disturbance or measurement interference.
Thenitis possible to set a control goal:

Ve <A, a k<k,

(in the case of deterministic ¢, ) or

k
1
E;yi<A, a k>Kk,, (6)
My, <A, a  k>k,,

(in the case of stochastic ¢y ). If you set A=q. +A,, where

g, =min g; , then you can interpret the goals as minimizing
with agiven accuracy the losses measured at the k-th step with
an error of ¢y . So, the task of associative memory consistsin

the optimal choice of a finite number of possible options
under conditions of uncertainty.

We consider the interference random, then a single search
may not be enough; repetition of tests, accumulation and
averaging of results can improve the accuracy of
optimization, i.e. achieve more difficult goals. Associative
memory makes it possible to make multiple sorting directed:
more often choose those actions that give less loss. This
reduces the total number of tests required to achieve a given
accuracy.

L et us consider two approachesto the synthesis of adaptive
control systemsfor afinite stochastic object using associative
memory technology [15]. We will describe the first approach
in the case of binary losses, when only two binary values take
the control object output, for example, y,=0 (success) and
y,=1 (failure).

If Mgy =0, then g; =My, :u, =V, | -istheprobability

of falure during the j-th action. The control agorithm is
represented by afinite deterministic automaton, to the input of

which Yy is fed, and the states are divided into m subsets

(branches) of n states, and in states from the j-th branch, the
automaton selectsthej-th action, calculating by moving along
the branch the number of failuresthat go contract.

The transition function of the automaton is designed so that
the transition to the states of another branch occurs after n
failuresin arow.

Published By:
Blue Eyes Intelligence Engineerin
& Sciences Publication



Synthesis Algorithms for Adaptive Process Control Systems Based on Associative M emory Technology

It iseasy to understand that such an automaton often selects
the action with a greater chance of success. By increasing the
“memory depth” (i.e., the number n), one can achieve an
arbitrarily small asymptotic (at k — o) error:

k

2> y-a.,

8 =—
ki:l

i.e. provide suboptimality of the system.

Another approach is the use of randomized algorithms
defined by stochastic automata. The state of such an
automaton is a probability vector:

R = col(pl((l),..., p™

m
where pl) >0, Z pl) =1, and pl) makes sense of the
j=1
probability of choosing the j-th action at the k-th step.
Depending on the observed value of Y, the probability

p,((j) is recalculated so as to increase the likelihood of the

action that cause less loss. In the adaptive system language,
the random action selection mechanism corresponds to a
controller, the tunable parameters of which are set by the

vector Py .
The functioning of associative memory, based on
adaptation algorithm py , can be constructed from the

condition of an average decrease of some function associated
with losses. Following [16], we describe one of such
algorithms, the so-called projection algorithm, which does not
require binary losses. Therecount rule p, has the form:

|

peR™: > p(j)=1 pW e} - is

=

-0
yk—e(uk
Pk

)’ )

Pr1 = PrEk{pk +7x

—_
-

where =y =Sy, S, =

&
the “narrowed” simplex, e(uk) - isthe m-dimensional vector

whose j-th component is 1 if u, =V;

0, {gk}, {yk} - agorithm parameters. Let Mg, =0, i.e.
0; = My, . The averaging expression Ap, is proportional to
the gradient of average losses

is zero otherwise;

Q(p)

and My, =MQ(py).
Giveninequalities

2> (o -a.)

J#

(Qp)-a.)* <|p-p.
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we can conclude that the algorithm (7) ensures the speed of
achieving the control goal (5) of order ]/ 3k . Achievi ng the
control goal also occurs with non-uniqueness min g; .

j

[Il. RESULT ANALYSIS

As for other recurrence algorithms, the desire to ensure
convergence (7) to an extremum point slows down the
convergence rate of the algorithm. If constant steps are taken
in (7), then we can obtain exponential estimates of the rate of
convergence, but not to the “point”, but to the “region”.

The described control systems with associative memory
have the following advantages:

- control can be carried out in one circuit at once according
to severa parameters;

- one associative memory can work simultaneoudly with
several control loops, including different levels of
management.

In the discrete adaptive control, several different methods
and approaches compete. We have considered the single-step
and multi-step, deterministic and stochastic algorithms that
were used to solve control and tracking problems. The
relative simplicity of these agorithms makes possible to
recommend them for managing complex objects in
uncertainty conditions using concepts and associative
memory technology.

V. CONCLUSION

Thus, on the basis of associative memory technology,
agorithms for the synthesis of adaptive production process
control systems have been proposed that are designed to
function under unpredictable uncertainties and ensure the
adaptation rate of the man system circuit structure,
commensurate with the rate of transients in the technol ogical

control object, operating under stochastic independent
disturbances.
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